Abstract. Our goal in this work is to found a closed form for rational generating functions, these generate a various families of polynomials and generalized polynomials, in order to get the general recursive formula satisfied by these polynomials.
Introduction
First we remember the notion of ordinary generating function [1] of a family of polynomials in one variable. f (x, t) = k 0 P k (x) t k , |t| < δ.
In this paper we consider a family of generating functions for these the polynomials associated obey to the same general recursive formula. Let the family {A 0 (x), A 1 (x), A 2 (x), · · · , A m (x), B 0 (x) = 0, B 1 (x), B 2 (x), · · · , B n (x)} of polynomials such that B 0 (x), B 1 (x), · · · , B n (x) are coprime and the rational function f (x, t) defined by f (x, t) = A(x, t)/B(x, t) where A(x, t) = m j=0 A j (x) t j and
as a function of t is continuous on R then there exist a constant δ > 0 such that |h (x, t) | < 1 for |t| < δ. Furthermore
this result is deduced from the well known identity
Without lost generality h k (x, t) can be written in the following form
where k j1···jn is the multinomial of order n k
to be a generating function; B k+1 0 (x) must divides A l (x) for every k 0 and 0 l m then B 0 (x) must be 1. We conclude that all rational generating functions are of the form
Statement of main results
Let f (x, t) the rational function of two variables x and t considered bellow. Denoting χ m the characteristic function of the set {0, 1, · · · , m}. It means that
The recursive formula of polynomials generated by f (x, t) is given in the following theorem.
generates the family {Q k (x), k 0} of polynomials such that Q 0 (x) = 1 and
Proof. Just taking A 0 (x) = 1 and A k (x) = 0 for k 1, then m = 0. After substitution in the formula (2.1) Theorem 2.1 we get a new family of polynomial Q k (x) satisfying the identity (2.2) Corollary 2.1.
The family {P k (x), k 0} depend only on the family {Q k (x), k 0}, it results from the convolution product of the two families {A j (x), 0 j m} and {Q k (x), k 0}. Explicit formula is given in the following proposition.
Proof.
Finally after comparison between the coefficients of t k in both sides of the equality we get
Proof. From (2.1) Theorem 2.1;
But in means of the identity (2.3) Proposition 2.1;
and the result (2.4) Corollary 2.2 follows.
Now if 0 k m we get
2.1. Proof of Theorem 2.1. First we must remember the Cauchy product of a polynomial n k=0 R k (x)t k with an entire series k 0 S k (x)t k to be
which is an entire series too, for more details about the procedure we refer to [2] . Now writing
After identification we obtain
and the recursive formula (2.1) in Theorem 2.1 follows.
This identity states the recursive formula of a large families of polynomials. Including the polynomials generated by functions of the form
where B 0 (x) = 1 and h > 1 a positive integer. The reason is that
is only polynomial in Z[x, t], it takes the following form
with D 0 (x) = 1.
The following table gives a few families of polynomials obeying the general recursive formula (2.1) Theorem 2.1.
Application to generalized Catalan and Fibonacci polynomials
In the literature a large families of polynomials obey to the general recursive formula given in Theorem 2.1. In this section, we revisit the works [1, 2] and get, with a new method the recursive formulas satisfied by generalized Catalan polynomials and Fibonacci polynomials in the case λ = 1 for the first and h = 1 for the second.
Firstly we began by generalized Catalan polynomials, these generated by the function
According to Theorem 2.1; the following proposition states exactly the same recursive formula of the family P 1,A k,m (x) as in Corollary 2.1 [3] p. 166 by taking λ = 1.
Proof. . In means of the identity (2.1) Theorem 2.1 we deduce that 
